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Abstract
We estimate the production cross section for ηc and ηb mesons via
pomeron-pomeron fusion in peripheral heavy-ion collisions. Total and elastic
PP cross sections are calculated in an equivalent pomeron approximation.
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In a recent paper [1], we discussed the production of the pseudoscalar mesons ηc and
ηb in peripheral collisions of high-energy heavy ions. Applying an equivalent photon ap-
proximation to the large virtual photon luminosities accompanying the colliding nuclei, we
calculated production cross sections for ηc and ηb via γγ fusion. For the large center-of-mass
beam energies available at the Relativistic Heavy Ion Collider (RHIC) at Brookhaven (100
GeV/nucleon) and the Large Hadron Collider (LHC) at CERN (3.5 TeV/nucleon), we found
the γγ elastic cross sections for the ηc to be about 0.8 mb at the LHC and 9 µb at RHIC;
the cross sections for the heavier ηb were on the order of 0.6µb and 0.2 nb, respectively.
There are backgrounds to this process which need to be considered, such as strong double
diffractive scattering, i.e., double Pomeron exchange. These competing contributions are the
subject of this work. In particular, we use the effective pomeron approximation developed
earlier [2] to calculate the pomeron-pomeron cross sections for ηc and ηb production. Of
course, the detection of such processes requires the low background attendant in peripheral
ion collisions; to this end, we calculate both the impact parameter dependence and the
effects of nuclear absorption, complementing work of Natale [3].
The equivalent pomeron approximation [2] is a generalization of the standard equivalent
photon approximation [4], in which one replaces the electromagnetic field of a relativistic
charged particle with an equivalent pulse of real photons. For a pomeron, one begins with
the Regge trajectory
α
P
(t) = 1 + ǫ+ α′
P
t, (1)
where ǫ = 0.085 and α′
P
= 0.25 GeV−2. Note that this trajectory has an intercept close
to 1, suggesting that the pomeron behaves like a spin-one boson in processes in which the
exchanged four-momentum squared k2 = t is small. Pomeron exchange can thus be described
to be like that of an isoscalar “photon”, with propagator at high c.m. energy given by [5],
|D
P
(t = −~k2; s)| = (s/m2)ǫ e−r
2
0
~k2 (2)
where r0 is the pomeron range parameter [2],
1
r2
0
= α′
P
ln (s/m2) . (3)
Following Donnachie and Landshoff [6], we denote the nucleon-pomeron coupling by
βNP = 3β0FN(−t) , (4)
where the quark-pomeron coupling β0 is
β0 = 1.8GeV
−1 (5)
and FN(−t) is the isoscalar magnetic nucleon form factor. For nucleus-pomeron interaction,
we appeal to the additivity of the total nucleon-nucleon cross sections and replace β0 by
Aβ0 and FN(−t) by the elastic nuclear form factor F (~k
2). We consider 208Pb nuclei, and
approximate the form factor by the Gaussian [7]
F (~k2) = e−
~k2/2Q2
0 , (6)
where Q0 ≈ 60 MeV.
In the spirit of the equivalent photon approximation, we write the cross section for PP
fusion arising from the interaction of ion beams A and B with center of mass energy s in
the form (see Figure 1)
σPPAB =
∫
dx1dx2 f
A
P
(x1)f
B
P
(x2)σ
X
PP
(s
PP
) , (7)
where f
P
(x) is the distribution function for finding a pomeron in the nucleus with energy
fraction x. This was worked out in reference [2]; for a nucleus of mass M and nucleon
number A,
fA
P
(x) =
(
3Aβ0Q
2
0
2π
)2 (
s′
m2
)2ǫ
1
x
e−x
2M2/Q2
0 , (8)
where s′ denotes the invariant subprocess with which the pomeron participates. In this
expression, σX
PP
is the production cross section for the subprocess PP → X with squared
center of mass energy s
PP
≡ x1x2s [8],
2
σX
PP
=
8π2
MX
Γ
X0→PP
δ(s
PP
−M2X) . (9)
Relying on the “pomeron as isoscalar photon” identification, the partial two-pomeron de-
cay width Γ
X0→PP
is determined from the corresponding two-photon width by replacing the
photon coupling α = e2/4π with the pomeron coupling 3β2
0
/4π, where 3 is the color factor.
However, such a pointlike quark-pomeron coupling does not account for the necessary de-
crease in the coupling when one of the quarks is off mass shell. We thus modulate β0 as
[9]
β(Q2) =
µ2
0
µ20 +Q
2
β0 , (10)
where µ0 = 1.1 GeV, and Q
2 measures how far one of the quark legs is off mass shell. Strictly
speaking, Q is an integration variable at the quark-pomeron vertices in Figure 1; we will
simply assume Q = MX/2 and use the substitution
β0 → β˜0 ≡ β(M
2
X/4) (11)
for the quark-pomeron coupling. With these choices, the integral in Equation (7) can be
performed analytically, giving
σPPAB =
(
3Aβ0Q0
2π
)4
9(β˜0Q0)
4
16π2
1
α2
Γ
X→γγ
M3X
(
M2Xs
m4
)2ǫ
K0
(
2M2XM
2
sQ20
)
. (12)
In calculating the impact parameter dependence of the cross section, we write the total
PP exchange cross section (7) in the impact parameter representation and fold it with the
probability that no inelastic interaction takes place other than double pomeron exchange.
The dependence of the cross section on the impact parameter b is then found by integrating
the squared matrix element over all spacetime coordinates save for the transverse distance b
between nuclei [2,10]. Accounting for the pseudoscalar nature of the η mesons as discussed
in reference [1], we find
dσPP→ηAB
d2b
= 2π
(
3Aβ0
2π2
)4 ∫
dx1
x1
dx2
x2
Q4
1
Q4
2
Q˜2 e−x
2
1
M2/Q2
1 e−x
2
2
M2/Q2
2
3
×(
x1x2s
2
m4
)2ǫ
ση
PP
(x1x2s) b
2Q˜2 e−b
2Q˜2/2 (13)
with
Q˜−2 =
1
2
(Q−2
1
+Q−2
2
) (14)
where we introduce the quantities
Q−2i ≡ Q
−2
0
+ 2r2i , (15)
and ri, given by Equation (3), is defined for the invariant subprocess with which the pomeron
participates, i.e., s′ = s1 ≈ x2s for the pomeron emitted by nucleus 1, s
′ = s2 ≈ x1s
for the pomeron emitted by nucleus 2. Note that ση
PP
has dimension (energy)−6, which
compensates the “incorrect” dimensionality of fA
P
(x) in Equation (8). One of the x integrals
in (13) is easily done, courtesy of the δ function in Equation (9); the other can be performed
numerically.
We have calculated the total production cross section σPP→ηAA and the differential cross
section dσPP→ηAA /d
2b for both ηc and ηb production in the collision of
208Pb nuclei at both LHC
and RHIC energies. Taking Γηc→γγ = 6.3 keV and Γηb→γγ = 0.41 keV [11], our calculations
yield a total cross section of σAA(PP → ηc) = 0.76 mb and σAA(PP → ηb) = 0.81 nb at
LHC energy; at RHIC, the numbers are understandably lower: σAA(PP → ηc) = 58.3 µb
and σAA(PP → ηb) = 13.4 pb, respectively.
These cross sections, of course, are overly optimistic in that they do not account for the
effects of inelastic nuclear scattering. The majority of the inelastic events are expected to
occur at small values of the impact parameter b; indeed, the elastic nature of the interaction
is maintained only in those collisions in which the two nuclei pass by each other. Thus
it is important to verify that a significant portion of the PP cross section extends out to
measurably large impact parameters. As in [1], we have included inelastic scattering effects
in two different ways. One is by applying a geometric cutoff at a minimum impact parameter
of 2R, where R is the nuclear radius (R ≈ 7.1 fm for 208Pb). A more realistic approach
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accounts for inelastic scattering effects using the Glauber approximation [12]. Our numerical
results for both absorption methods are presented in Table 1.
The dependence of the differential cross sections on impact parameter is compared with
our earlier results for γγ fusion in Figures 2 and 3, where the dotted curves show the effects
of absorption in the Glauber approximation. For ηc, we find that although both production
modes are of roughly the same order of magnitude at b = 2R, the pomeron contribution
is more strongly suppressed because the probability for an elastic collision becomes large
only for b ≥ 16 fm. For ηb production, however, we find that the smallness of the PP cross
section largely derives from the reduction β0 → β˜0 at the quark-pomeron vertex, indicating
the difficulty of localizing pomerons within a region of high inverse mass. Intuitively, this
effect makes sense: the pomeron is an effective description of a virtual two gluon state, and
as such has an intrinsic spatial extent on the order of 1 GeV−1. It should be less likely to
find such a structure concentrated within the smaller limit M−1ηb = (9.4 GeV)
−1.
ACKNOWLEDGMENTS
One of us (AJS) thanks Professor B. Mu¨ller for useful discussions. This research was
supported by an award from Research Corporation.
5
REFERENCES
[1] A.J. Schramm and D.H. Reeves, Phys. Rev. D53, 4092 (1996).
[2] B. Mu¨ller and A.J. Schramm, Nucl. Phys. A523, 677 (1991).
[3] A.A. Natale, Mod. Phys. Lett. A9, 2075 (1994).
[4] E. Fermi, Z. Phys. 29 (1924), 315; E.J. Williams, Proc. Roy. Soc. A139 (1933), 163; C.
Weizsa¨ker, Z. Phys. 88, 612 (1934).
[5] A. Donnachie and P.V. Landshoff, Nucl. Phys. B244, 322 (1984); B267, 690 (1985).
[6] A. Donnachie and P.V. Landshoff, Phys. Lett. B191, 309 (1987); Nucl. Phys. B303,
634 (1988).
[7] M. Drees, J. Ellis, and D. Zeppenfeld, Phys. Lett. B233, 454 (1989).
[8] S.J. Brodsky, T. Kinoshita, and H. Terazawa, Phys. Rev. Lett. 25, 972 (1970); Phys.
Rev. D4, 1532 (1971).
[9] A. Donnachie and P.V. Landshoff, Nucl. Phys. B311, 509 (1988/89).
[10] B. Mu¨ller and A.J. Schramm, Phys. Rev. D42, 3699 (1990).
[11] Particle Data Group, “Review of Particle Properties”, Phys. Rev. D50, 1173 (1994)
Part I.
[12] V. Franco and R.J. Glauber, Phys. Rev. 142, 1195 (1966).
6
FIGURES
FIG. 1: The fusion of two pomerons from scattering nuclei. The effective quark-
pomeron coupling, Equation (10), is represented by the circles.
FIG. 2: The impact parameter dependence of the differential cross section for ηc pro-
duction in nuclear scattering (a) at the LHC and (b) at RHIC. The solid curves
are for double pomeron exchange and electromagnetic production, as indicated;
the dotted curves include absorption effects.
FIG. 3: The impact parameter dependence of the differential cross section for ηb pro-
duction in nuclear scattering (a) at the LHC and (b) at RHIC. The solid curves
are for double pomeron exchange and electromagnetic production, as indicated;
the dotted curves include absorption effects.
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TABLES
Table 1: Cross sections for η-meson production in peripheral collisions of 208Pb nuclei
at RHIC and LHC energies. σtotAA is the total cross section. For comparison,
inelastic scattering effects have been accounted for in two ways: σAA(b > 2R) is
the remaining cross section after applying a cut on impact parameter, whereas
σelAA uses the Glauber approximation.
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ηc ηb
3.5 TeV/u σtotAA 0.76 mb 0.81 nb
(LHC) σAA(b > 2R) 3.4 nb 3.7 fb
σelAA 8.6 µb 0.93 pb
100 GeV/u σtotAA 58.3 µb 13.4 pb
(RHIC) σAA(b > 2R) 0.79 nb 0.2 fb
σelAA 62.4 nb 14.7 fb
Table 1
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